ABSTRACT Interruption in tuberculosis (TB) treatment still remains the most important challenge for control of the disease. This study aimed to identify the determinants of TB treatment default in Fez, Morocco. A 1:2 pairmatched case-control study was carried out in the TB control units in Fez. Cases were defaulters to TB treatment and were matched by age and sex to non-defaulters (controls). Of the 320 patients (108 defaulters, 212 controls), 80.6% were male. The main reason for defaulting reported by patients was the sensation of being cured. Predictive factors for treatment default in the multivariate conditional logistic regression analysis, were: relapsed case (adjusted OR = 4.49; 95% CI: 1.87-10.8), current smoking (aOR = 2.10; 95% CI: 1.07-4.14), alcohol use (aOR = 2.92; 95% CI: 1.04-8.19), being more than 30 minutes away from the health centre (aOR = 3.34; 95% CI: 1.06-10.5) and perception of having received insufficient explanation about the disease (aOR = 2.87; 95% CI: 1.53-5.36). The rate of defaulting in Fez can be lowered through targeted and realistic measures. 
Introduction
Tuberculosis (TB) remains a major public health problem in the world [1] . According to World Health Organization (WHO) estimates, approximately 9.4 million new cases were reported in 2009. A contagious person left untreated will infect up to 15 people every year and so treatment of active pulmonary TB patients remains the most effective strategy to stop the spread of the disease [2] . However, interruption in TB treatment still remains the major barrier to control of the disease.
In Morocco, TB is a highly prevalent infection, affecting more than 26 000 people in 2009, with an incidence of approximately 82 new cases per 100 000 population [3] . The Moroccan government is committed to fighting TB, strengthened by the adoption of the national strategic plan 2006-2015, which aims to enhance the therapeutic delivery system to TB patients and accelerate the reduction in incidence of smear-positive cases (microscopy-positive pulmonary TB). With annual rates of TB detection over 80% and therapeutic success over 85% [4] . Morocco is one of the few middleincome countries achieving the millennium development goals (MDGs) and Stop TB Partnership targets of 70% case detection rate and 85% success rate for treatment, In Morocco, TB clinical care is provided at a public health centre and TB treatment is delivered at local dispensaries following the DOTS strategy. Despite the fact that TB treatment is free of charge, a high proportion of new smear-positive cases voluntarily interrupt their treatment before the end. Default from treatment is detrimental, not only to the patient, who will not recover [5] [6] [7] , but also at the community level, with the emergence of bacteria strains with acquired resistance to common TB antibiotics [8] [9] [10] [11] . Default from treatment is a major obstacle in the fight against TB in Morocco, and was estimated at around 10% in 2009 [2] . Adherence to the long course of TB treatment is a complex, dynamic phenomenon with a wide range of factors impacting on patients' treatment-taking behaviour. So far, there are little data on the determinants of TB treatment default in Morocco or reasons for defaulting reported by patients.
The main objective of this study was to identify the determinants of TB treatment default in the region of Fez, Morocco. The characteristics found to be associated with default among TB patients as well as determination of structural barriers may help control programmes to improve compliance and work more effectively towards the aim of MDG 6 to eliminate TB as a public health problem by 2050.
Methods

Setting and design
The research was designed as a casecontrol study conducted in 10 different TB control units (TCUs), from a total of 28 TCUs in the town of Fez. The TCUs were selected based on caseload, accessibility and nurses' willingness to participate. TCUs were located in low-, medium-and high-income neighbourhoods.
Study population
Eligible patients for the study included TB patients (new cases or relapsed) who were enrolled in treatment for TB between 1 January 2009 and 31 December 2010. Patients were identified from the TCU registers and contacted to answer a questionnaire. Participants were male or female, aged 15 years or older, had been diagnosed with active TB (defined according to WHO criteria) and had started TB treatment according to international guidelines [12] . All TB treatment defaulters in 2009 and 2010 identified in the participating TCUs were selected for the study. A total of 16 patients refused to participate, among whom 12 were defaulters. In total, 120 TB treatment defaulters were selected for the study. Cases and controls were matched by sex and age, and for each case of default 2 non-defaulters were selected. Patients who refused to take part in the study were excluded. A defaulter (case) was defined as a TB patient who interrupted treatment for 2 months or longer before the end of the treatment period, according to the WHO definition [12] . A nondefaulter (control) was defined as a TB patient diagnosed in the same time period, from the same TCUs, following the same treatment protocol, but who completed the whole treatment regimen. A total of 320 patients (108 defaulters and 212 non-defaulters) entered the study.
Data collection
An anonymous questionnaire was developed and pre-tested. Adjustments were made after assembling a focus group of all nurses participating in the study. The nurses were staff members of the TCUs and were responsible for actively searching for cases and controls to collect the data. Participants were interviewed in the TCUs. The questionnaires focused on factors that might be associated with default: sociodemographic factors (sex and age, marital status, employment status, educational level, housing area and conditions, monthly earnings), medical information (new TB case or relapsed, pulmonary or extrapulmonary location), health insurance coverage, distance to TCU, addictive behaviours (tobacco and alcohol), side-effects to treatment, explanations received about the disease, knowledge and attitudes related to TB and subjective reasons for defaulting.
The purpose of the study was explained in detail to each patient agreeing to participate in the study, and oral informed consent was obtained prior to interviews. The anonymity of questionnaires was strictly respected.
Data management and statistical analysis
The data were entered and analysed at the epidemiology laboratory of the Faculty of Fez, using Stata software, version 11.0. Descriptive statisticspercentages, mean and standard deviation (SD)-were used to assess patients' characteristics. Student and chi-squared tests were applied to determine factors associated with treatment default, significance was attributed to a probability of P < 0.05. All variables with a P-value < 0.20 in univariate analysis were included in a conditional logistic regression model, to assess the association between risk factors and treatment compliance, adjusting for potential confounding factors. Variables for the final model were selected using backward elimination.
Results
The mean age of the 320 patients was 33.0 (SD 12.2) years. A great majority were males (80.6%) ( Table 1) . A quarter of participants were illiterate, and four-fifths earned less than 2000 dirham (dh) per month. A little less than 10% of participants had health insurance. In total, 27.6% of participants were current smokers and 8.1% alcohol users.
Concerning the disease, 277 (88.5%) were new TB cases, and 224 (71.3%) were pulmonary TB cases. The mean time to get to the TCU was 16.9 (SD 8.9) minutes; 88.8% (n = 284) of participants went by foot and 9.4% (n = 30) used a taxi. The main characteristics of the study group are shown in Table 1 . Figure 1 presents the knowledge of the study sample about the causes of TB. Several answers were possible. Most participants (31.2%) considered cold to be the cause of TB, followed by a microbe (27.8%), while 19.8% were unable to define a cause for TB. Tobacco smoking (15.6%), alcohol (2.4%) and dust or dirt (2.4%) were also considered causes. Other causes mentioned were: social conditions/poverty (n = 6), waterpipe/hashish/drugs, contact (n = 3), water/shower (n = 3), stress (n = 2), dairy products (n = 2), air (n = 1), angina (n = 1), paint (n = 1), tin cans (n = 1), milk (n = 1), virus (n = 1) and diabetes (n = 1).
The main reason for defaulting according to the 108 defaulters was the feeling of being cured (82, 75,9%), followed by the treatment being too long (42, 38,9%), the lack of overall time (26, 24.1%) and the lack of knowledge about the benefits of finishing the treatment (25, 23,1%) (several answers were possible for each patient) Table 2 describes the characteristics of the defaulters and non-defaulters and risk factors for defaulting after univariate analysis. Significant factors for defaulting were: being a retreatment case, monthly income < 2000 dh, being a current smoker, being an alcohol user and perception of having had little or no explanation about the disease (P ≤ 0.05). Table 3 reports the risk factors for TB treatment default from the final model of conditional logistic regression, using a backward stepwise procedure. Significant factors for TB treatment default after adjusting for confounders were: being a relapsed case (aOR = 4.49; 95% CI: 1.87-10.8), being a current smoker (aOR = 2.10; 95% CI: 1.07-4.14) or alcohol user (aOR = 2.92; 95% CI: 1.04-8.19), taking more than 30 minutes to get to the health centre (aOR = 3.34; 95% CI: 1.06-10.5) and perception of having had little or no explanation about the disease (aOR = 2.87; 95% CI: 1.53-5.36).
Discussion
TB is a main contributor to the global burden of diseases, one of the top 10 causes of death in the world [13] . The existing treatment takes many months and many patients fail to complete the course of drugs prescribed. To determine risk factors for TB treatment default, this research studied several structural, health service and personal factors. In addition, questions were asked about general knowledge of TB and general satisfaction with the care provided and explored patients' subjective reasons for defaulting from TB treatment. To the best of our knowledge, this study was the first to explore reasons for defaulting from TB treatment in Morocco, and enables us to extract valuable information to improve the effectiveness of management of TB patients.
The exploration of general knowledge about TB showed a lack of understanding of the disease. Indeed, a majority of participants reported cold as the main cause for their disease, and answers varied widely, ranging from tobacco to dust. Only a little over 25% were able to attribute TB to a microbe, despite information they should have received in the patient-provider interaction. Also, patients did not seem to know enough about the treatment itself, since defaulters' main reason for defaulting was the feeling of being cured.
These results suggest a lack of quality communication between the health workers and the patients. It seems that modifications in TB care need to be implemented in order to improve communication between health care providers and patients, particularly since several other studies have reported the effectiveness of higher quality communication between patients and health workers in improving treatment adherence and treatment completion [14, 15] .
Our study suggests that relapsed cases of TB were more at risk of defaulting than new cases. The study of a cohort of retreatment cases in Morocco suggested similar results, with high levels of default from retreatment cases of TB (25%) [7] . In Turkey, having a previous treatment history for TB was found after multivariate logistic regression to be the only risk factor for TB treatment non-adherence [16] . Such results emphasize the need for different management strategies according to the individual starting a new treatment regimen [17] , since it is likely that patients who are being retreated for TB are less confident in the drugs and the health care workers, having already been through the process at least once. Also, retreatment cases need to be particularly well-managed because their outcome is often poor, with success rates among relapsed cases lower than among new smear-positive cases, and higher rates of failure and death [6] .
Addictive behaviours such as alcohol use and cigarette smoking have been reported in the literature as associated with treatment default. A retrospective cohort study in Russia identified alcohol use during therapy as a predictor of non-adherence (OR = 6.35; 95% CI: 2.27-17.8) [18] . Concerning tobacco, many studies have shown associations between tobacco use and failure to complete the treatment. In Sri Lanka, a study of 205 defaulters in 892 TB cases showed regular smokers to be 1.9 more likely to default than patients who did not smoke regularly [19] . In Malaysia, ‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫عرش‬ ‫التاسع‬ ‫املجلد‬ ‫الثامن‬ ‫العدد‬ ever smokers had increased likelihood of treatment default (adjusted OR = 3.24) [20] . These findings are important to consider when treating a new TB patient. In our study tobacco and alcohol use were associated with a higher risk of default, and these have also been reported to worsen TB outcomes [21, 22] . It seems essential to search for and include these factors in the management of all new TB patients, as alcohol and tobacco use are personal risk factors that can be dealt with. Access to the TCU was also an issue in our study. When the time needed to get to the TCU exceeded 30 minutes, patients were 3.34 times (95% CI: 1.06-10.5) more likely to default from treatment than patients who were less than 30 minutes away. Similar results can be found in the literature [23, 24] , whether taking into account the distance or the time to get to the health centre. Cost of transport was not an issue in this study, particularly since almost 90% of patients were at a walking distance to the health centre. This high number of patients who did not need taxis or public transport to go to the health centre suggests a good distribution of health centres in the town of Fez. In this context, it is possible that loss of availability for work and therefore time for earning money was the most important factor, particularly if patients underestimate the importance of treatment completion.
This study is unique as it was the first in Morocco to explore subjective factors that could be linked to treatment default in addition to objective sociodemographic factors. However, some limitations need to be pointed out. Interviews were carried out by the nurses working in the TCUs. Consequently, questions that tried to evaluate relations and interaction with the health care workers might have led to interview bias, with nurses possibly leading questions and respondents wishing to evade or lie to some questions. Similarly, all questions relating to monthly earnings or addictive substance use are subject to response bias, particularly in the context of Moroccan society where alcohol drinking is uncommon in general and smoking very uncommon among women and thus participants are likely to under-report their consumption. However, such concerns are true for the whole study population, whether defaulters or non-defaulter, thus limiting the bias. In addition, untruthful answers were likely to have been limited by the thorough explanations given by the nurses before the interviews and the complete anonymity of questionnaires. Another limitation that needs to be acknowledged is the retrospective nature of the study. Some participants were treated more than 2 years ago and this might have been a source of recall bias. However, some information lost due to recall was completed to a certain extent by the review of the medical records.
Despite the above considerations, the study design enabled us to quickly obtain information on defaulters in Fez, and to identify some reasons for defaulting. With 75.7% of defaulters reporting the feeling of being cured as the main reason for default, there is an evident lack of quality communication between the health care teams and the patients, and a qualitative follow-up study in which both patients and health workers are interviewed might provide useful insights on the attitudes and practices in the TCUs. In addition to a perception that they had received insufficient explanation about the disease, patients at risk of treatment default in the urban area of Fez were more likely to be relapsed cases, alcohol users or current smokers and needed more than 30 minutes to get to the TCUs. The results suggest that modifications should be introduced in TB care in Morocco, particularly since realistic measures can be implemented to remove barriers and improve compliance. Reducing the number of defaulters is possible through realistic measures such as reinforcing quality communication between patients and providers, implementing programmes to treat addictive behaviours and increasing accessibility to the TCUs. Such measures are likely to increase the therapeutic success rate, impacting on global disease burden attributable to TB in Morocco. Competing interests: None declared. 
